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This paper will briefly review Stanford University's library automation
system, BALLOTS, and the computing environment in which it is imple-
mented. The system currently utilizes a PDF 1 1 /45 as a communications
controller and uses a programmable CRT display terminal. The paper will
consider in detail these two current applications of minicomputers and also
discuss the proposed use of another minicomputer to support circulation
activities. In conclusion, some of the more general considerations and implica-
tions of using minicomputers to support library operations will be discussed.
The BALLOTS System
The BALLOTS system began operation in the fall of 1972. It was
conceived and implemented as a full technical processing system for a univer-
sity research library. As such, it supports all phases of book processing:
preorder searching; ordering; claiming and canceling; receipt of material (both
ordered items and material received through blanket and approval plans, gifts,
exchange, etc.); distribution of material within the library for technical proces-
sing and the monitoring and controlling of these books while they are in
technical processing areas; and the cataloging of these books and the main-
tenance of that cataloging data. Bibliographic data in many cases are taken
from Stanford's on-line MARC file (supplied by the Library of Congress on
weekly tapes). When MARC data are not available, the librarians create
records by keying the full bibliographic information at the terminal. It is
possible to display these records and review the status of the bibliographic,
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acquisition, and holdings information. One of the main design criteria for the
system was to eliminate redundant keying by capturing bibliographic data
once, as early in the process as possible, and then using that data again for
printing the outputs, including purchase orders, claim notices, cataloging work
slips, catalog cards, spine labels, etc., and for building an on-line catalog.
The heart of the BALLOTS system is the on-line files and associated
indexes that provide rapid inquiry and retrieval from the data base (see figure
1). Stanford's file of MARC records now contains approximately 144,000
Fig. 1. On-line Files and Indexes
records. The In Process File contains information about material from the
time it is ordered until it is cataloged. When material is cataloged, the
acquisition data are discarded and the bibliographic and holdings data are
automatically transferred to the Catalog Data File. The Reference File con-
tains cross-reference records. The Catalog Data File and the Reference File
constitute an on-line catalog of material processed through the system. These
three files now contain approximately 35,000 records. The indexes provide
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access to the files by any combination of personal name, title word(s), and
words in corporate or conference headings. These indexes include added
entries, subjects, and series entries as well as main entry and title. There are
also indexes for LC card number, BALLOTS identification number, and, for
cataloged items, call number and subject headings. The Stanford University
Libraries will process about 60,000 Roman alphabet titles through BALLOTS
this year.
BALLOTS is currently implemented on the IBM System 360 Model 67
computer that serves the academic needs of the Stanford University com-
munity. In addition to the normal batch activities on this machine, there is a
timesharing system. The systems relevant to this discussion are the timesharing
monitor (ORVYL), the terminal executive (MILTEN), the PDF 1 1 communica-
tions controller, and the interactive terminals (see figure 2). BALLOTS runs
as a subprocessor under ORVYL, the timesharing monitor developed at Stan-
ford. ORVYL uses the virtual memory capabilities of the 360/67. MILTEN is
currently able to connect simultaneously about 125 interactive terminals of
various types through both the 3705 and the PDF 1 1 front-end communica-
tions controllers. The PDF 1 1 supports all the high-speed CRT display ter-
minals. Simple display terminals such as the Tektronix 4023 are supported
one to a line, while the intelligent terminals used by BALLOTS are multi-
droppedseveral terminals share a line. For all operations on campus, the
library uses Stanford lines, not telephone company lines, and Stanford built
line drivers and multidrop boxes instead of using commercial modems. Stan-
ford also designed and built the hardware interface between the PDF 1 1 and
the 360/67.
The CRT Display Terminal System
The PDF 1 1 provides polling, buffering, translation, device transparency,
terminal program loading, and some diagnostic capabilities. Whereas the
360/67 can interrupt the PDF 1 1 whenever the 360/67 has data to send,
communication between the terminals and the PDF 1 1 is done on a polled
basis. The PDF 1 1 continually asks each terminal if it has data to send. If a
terminal is not active, the PDF 11 places it in a lower priority status and polls
it less often than the active terminals. Once the terminal becomes active, it
regains the more frequent polling status. The PDF 1 1 buffers the transfer of
data back and forth between the terminals and the 360/67. In order to save
core in the main frame, data can be transferred from the buffers in the
PDF 1 1 directly to memory in the BALLOTS subprocessor within the time-
sharing monitor. Therefore, as opposed to the implementation of the
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low-speed typewriter terminals, the PDF 1 1 implementation does not require
buffering within the terminal executive (MILTEN) to handle the data.
The 360/67 sends and receives all data in EBCDIC character code. The
PDF 1 1 does the translation for ASCII character code terminals. The PDF 1 1
also translates control codes, such as "clear screen" and "home cursor," to fit
the particular needs of each terminal. This provides a degree of device
transparency to the programs in the 360/67. The PDF 1 1 contains a copy of
the program that runs in the BALLOTS programmable terminals. On request
from one of those terminals, the PDF 1 1 can transmit a fresh copy of the
program. This is necessary because the memory in the terminals does not
retain the program when the power is turned off. The PDF 1 1 relieves the
360/67 of the core and programming requirements necessary to support all of
these functions. The PDF 1 1 also supports rudimentary diagnostic and statis-
tical services for the display terminal system.
BALLOTS was the first serious, large-scale application of CRT displays
at Stanford. Since BALLOTS provided the major impetus toward the develop-
ment of a display system, the library's needs played a significant role in the
definition of this system. The overall objective was to design a display system
that would support the library and other generalized needs for high-speed
display terminals. The criteria for this system were: (1) generality, (2) low
cost, and (3) high data transfer rates, up to 9600 baud (960 characters/
second). The minicomputer was particularly important in providing the desired
generality. It allowed us to define a basic message format for communication
with display terminals. This format is used by programs in the 360/67 and
then modified by the minicomputer to fit the specific characteristics of each
terminal type. Complete device transparency remains a hoped-for but still
unattained goal. However, the minicomputer has relieved the 360/67 programs
of a great deal of the burden of adapting to specific terminal characteristics.
In order to keep the costs down, we selected the asynchronous mode of
communication and decided to poll terminals on a multidropped line. Asyn-
chronous communication is less expensive because it does not require the
sophisticated and exact clocking that is necessary for synchronous transmis-
sion. The development and maintenance of asynchronous communications
software are also less expensive because they are simpler. Multidropping
several terminals on each line substantially reduces line costs by reducing the
number of lines needed. Since the minicomputer carries on the task of polling
the individual terminals on the shared line, the multidrop polling scheme did
not place a burden on the 360/67. Stanford further reduced costs by design-
ing and building its own modem replacements and by installing its own
communications lines rather than using lines from the telephone company.
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The requirement for high data transmission rates came from the charac-
teristics of both the display terminals and the data. Whereas printer terminals
send only a single character or a single line of characters at a time, display
terminals can send 1,000 to 2,000 characters in a block. Since bibliographic
records regularly contain in excess of 500 characters, we could anticipate that
BALLOTS would be sending large amounts of data over the communications
lines. With several terminals sharing a line it is particularly important to drive
them at high speed. When large blocks of data are sent rapidly, rather than
individual characters being sent more slowly, there is less contention for the
line on the part of the several terminals that are sharing it.
At the time the system was being designed, none of the IBM communi-
cations processors could support the breadth of our system requirements.
They could not support the variety of terminals nor the transmission rates and
communication modes we desired. On the System 360 this is still true, even
with the IBM 3705 communications processors. Therefore, the decision was
made to use the minicomputer as a front-end communications machine. After
conducting a survey, the systems group of the Stanford Computation Center
reduced the set of possible small computers to a Data General Super Nova,
the Varian Data Machines 620/i, and the Digital Equipment Corporation
PDF 11. From the standpoint of reliability, flexibility, and operating charac-
teristics, the PDF 11 appeared to be the best alternative, especially with regard
to its flexible busing and I/O schemes. Furthermore, there was already local
expertise at Stanford in the installation and use of the PDF 1 1 as a front-end
machine. The PDF 11 is a reasonably fast minicomputer, and the fact that it
has byte addressing makes it particularly desirable for text data applications.
The Programmable Terminal
Since programmable terminals are not yet commonplace, it may be
valuable at this point to spend a few moments discussing the structure and
characteristics of such terminals. They are small "mini" or "micro" com-
puters. The terminal currently being used by BALLOTS is the Sanders Asso-
ciates 804 stand-alone programmable terminal. This terminal consists of a bus
structure and a small microprocessor. Various devices are attached through
registers to the bus (see figure 3). The registers are all 8-bit, or character
registers. Some of these registers have stacks and some are devoted to particu-
lar devices. The keyboard, for example, is connected via a register to the bus.
A second element in the terminal is the display memory, which drives
the display of characters on the face of the CRT itself. The display memory is
8-bit memory and corresponds to the positions on the display. This memory is
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addressable by X/Y coordinates. The modem interface is also connected via
registers to the bus.
The program memory, which consists of 16-bit instructions, is accessible
through an 8-bit register. To write into or fetch instructions out of the
program memory, it is necessary to write the two halves of the instructions
separately. The program memory is divided into pages of 256 instructions
each.
The microprocessor has a basic instruction set of 16 instructions, al-
though with the various modifications that can be made to those instructions
there are effectively 96 combinations available. The microprocessor is also
treated as a device on the bus. The microprocessor, of course, has a direct
connection into the program memory so that it can execute instructions
without their first being passed over the bus. Finally, one of the registers can
be used to illuminate status lamps on the front of the terminal.
One page of the program memory is dedicated to a hardwired loader.
This is used to receive copies of the program over the modem and load the
program into the program memory. Other than this hardwired loader, all the
other functions of the terminal are under the control of the program, which
was written at Stanford. The program is overseen by an interrupt-driven
control program that processes interrupts coming from the modem. This
controls the basic I/O functions including error checking and re-try, and
supports the polling from the PDF 1 1 . Only a programmable terminal is able
to make use of the multidrop capability in the display system. The hardwired
terminals must each have a dedicated line. The programmable terminals can
share lines because the program in the terminal is able to recognize the
address of certain messages sent down the line and determine whether those
messages are meant for this particular terminal or for some other terminal on
the line. The terminal software is also able to interpret various input and
output commands, thereby providing greater flexibility.
Finally, the software contains a keyboard-to-display module. When a key
is depressed at the keyboard, a character code is deposited into the keyboard
register on the bus. The program then looks at the contents of that register
and takes whatever action has been coded into the program. The relationship
of the keyed characters to the display is completely under the control of the
program. This allows tailored editing. The particular functions of cursor
movement, the use of tabs, the ability to clear fields, the ability to protect
certain portions of the screen, and the ability to expand the format by
inserting lines within the middle of the format without disturbing the pro-
tected character of the data are all made possible by this programmable
capability.
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Designing the User Interface
The main contact a librarian has with BALLOTS is at the display
terminal. This is the user interface. Here is where the basic attitudes toward
the system are formulated, where user acceptance, and therefore the efficiency
of the system, is gained or lost. One of the major activities at the terminal is
the input of bibliographic data; and one of our design goals was to make this
activity as efficient, understandable, and pleasant as possible. Toward this end
it was our decision to use input formats so that, in effect, the librarian would
receive a form that could be filled out at the terminal. These formats
consistently present individual data elements in the same order, position, and
form. Various fields on the formats are tagged and the tags protected. A
protected field is an area into which the operator cannot move the cursor and
therefore cannot write, change, or erase data. The purpose of a protected field
is to preserve system supplied information such as the format of tags and
input fields, to reduce the possibility of entering data into the wrong field,
and to facilitate the positioning of the cursor for input keying. The cursor can
jump automatically from the end of one input field to the beginning of the
next. Tab functions can also be used to move forward or backward from field
to field.
The most perplexing problem in format design was the wide variation in
the length of certain bibliographic data elements. For example, an analysis of
500 personal name main entries taken from MARC tapes showed a minimum
length of 6 characters and a maximum length of 53. Ninety percent of the
lengths were less than 31 characters. A similar analysis of title statements
showed a minimum of 4, a maximum of 919, and a mean length of 40.53
characters. Over 90 percent of the titles examined were less than 75 characters
long. Given the finite amount of space available on a CRT screen, it is not
efficient to define input fields the size of the maximum length of a widely
varying data element. Most of the time a format would be filled with
unneeded blanks, fewer data elements could be displayed on each format, and
the operator would therefore have to use many more formats to accomplish a
given activity.
Our eventual solution to this problem was to provide input fields on the
screen for these widely varying data elements that are sufficient to handle the
average cases, and can automatically be expanded by the insertion of addi-
tional lines to handle those cases where data elements are unusually long.
There are many hardwired terminals that allow line insertion and also many
that allow the writing of protected formats to the screen. Unfortunately, there
are none that provide a combination of both. If a protected format is written
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out to the screen it is not possible to alter dynamically the length of any of
those fields. It was this final consideration that led us to look seriously at
programmable terminals that make it possible to have both a protected format
and at the same time to have fields that can be automatically expanded as
needed. This is possible because the data keyed at a programmable terminal
are under the control of the program operating in that terminal, and therefore
can be made to behave in any way the program designer wishes.
Working with a programmable terminal was a new and challenging
experience. This was particularly true in our case because the first terminal we
received was numbered EM01 (engineering model number one). It came with
no supporting software other than a very inefficient assembler that ran on the
360. With a hardwired terminal, most of the complex problems of data
communications have been addressed by the manufacturer. When one has -to
write a program to do the same things, one discovers the complex timing
problems and error problems in data communications. However, there are also
definite advantages to working with a programmable terminal, particularly in
debugging. It is possible within the program to stop at various points, look at
what is happening to the program, and to step through the program instruc-
tion by instruction to find out where the problems are. We wrote a program
for one terminal that monitored the data going over the line to another
terminal on that same line. We could actually view the data that were going
across the line, and see not only the displayable characters, but also the
control characters. We could also observe cases where errors were generated.
We used the programmable nature of the machine to build in certain
diagnostic capabilities. If the 360/67 is unavailable, the PDF 1 1 can sense that
condition and send a message to the programmable terminal, which will then
display the message "SYSTEM UNAVAILABLE." When the 360/67 comes
back up, the message "SYSTEM IS READY" appears on the screen so that
the operator knows the system is available. In the same way, the program-
mable terminal itself is able to diagnose whether or not the PDF 1 1 is alive
and well and to present the operator with messages. We use status lamps on
the terminal to help the operator be aware of whether or not there are some
problems in the line, whether the line is alive and the terminal is being polled,
or whether the terminal is still waiting for data to be taken out over the line.
All of this is helpful in an environment where people are basically not
computer-oriented and do not understand about such things as "start of
header" and "end of text" messages, polling characters, and all the other ins
and outs of data communications.
Programmable terminals are a specialized member of a growing family of
intelligent terminals. All the members of this family are examples of
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distributed computing, the trend toward decentralized data processing. Some
of these terminals still have rather low I.Q. Others rival a large minicomputer
in the power and peripheral devices available. The Beehive Super Bee used by
the University of Chicago is an example of an intelligent but nonprogram-
mable terminal. The new IBM 3790 terminals are partially programmable by
the user. They allow the user program to deal with the data only at the field
level rather than at the character level; and a major portion of the terminal
characteristics are contained in the microcode which only the manufacturer
can change. The fully programmable terminal is by far the most flexible
member of the family. This flexibility was particularly important for Stanford.
We wanted to tailor the behavior of the terminal to optimize the library
application while also allowing the same terminal to be used for other
computing applications. The program currently running in the BALLOTS
terminals will behave as a library terminal or as an enhanced 2741 line-by-line
terminal. With further development we could load several different programs
into the terminal and tailor it to other applications.
When BALLOTS originally decided to use the Sanders 804, it was priced
around $5,000. As our needs for memory expanded, and as the terminal was
brought out as a market product, the cost has gone up to about $7,500. In
the two and one-half years since we began development with this particular
terminal, several other programmable terminals have been introduced that can
do the same things at more reasonable prices. A $7,500 price tag is more than
a library wants or needs to pay for these services. Between now and the end
of 1974, we will be conducting another review of terminals. The new terminal
will probably be another programmable terminal, but in a clustered rather
than a stand-alone configuration. For example, rather than several stand-alone
terminals attached to a multidrop box on a line, there will be one cluster of
terminals attached to a single line talking to the PDF 1 1 . There will be larger
program memory and a larger processor, which will drive a number of displays
at one time.
One of the reasons for selecting another terminal is to obtain one that
will support the full MARC character-set. We are particularly interested in the
programmable terminal with the full MARC character-set that Four Phase may
be supplying to the Library of Congress. Programmable terminals are be-
coming more attractive than they were two years ago. Complete software
systems are now available for these terminals. A user can run these software
systems without change, or tailor them to his needs without having to develop
the entire program from scratch.
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A Circulation System
Thus far we have been discussing the use of minicomputers in library
applications that are approximately two years old in their design and imple-
mentation at Stanford. As we look into the future, there is at least one
additional application where minicomputers will be of value circulation con-
trol. BALLOTS is currently in the process of designing a circulation system;
all of the concepts are preliminary and subject to change. We hope to make
use of bar-coded labels placed on the inside of the book. These labels will be
read by a light pen. Patron identification will be in the form of a punched
plastic card. The University of California at Los Angeles has recently issued
such a card; and Stanford wants to establish as much compatibility as possible
with other circulation systems in California. We hope to install a system that
allows self-service checkout. Discharging books, renewal, reserve, overdues,
etc., will be handled by the circulation staff.
The In-Circulation File on the minicomputer will contain brief circula-
tion records. This will be a transaction file rather than an inventory file. We
will not maintain a permanent circulation record for each of the 3 million-plus
books at Stanford. The system will control items only while they are off the
shelf, whether in circulation, at the bindery, on interlibrary loan, reserve, etc.
The minicomputer will update this file of circulation transactions on-line. The
In-Circulation File records will contain an identification number key that will
link them to the full bibliographic records stored on the 360/67 (see figure 4).
A simple search of the In-Circulation File will be available directly through
the circulation minicomputer. It will also be possible to inquire of the
circulation system through the BALLOTS indexes on the main computer.
When circulation personnel need to inquire of the circulation file they will be
able to get basic information from the minicomputer at any time using the
piece ID number, even if the large machine is not available. At times when the
large machine is available, they will be able to look at displays wherein the
minicomputer will not only pick up circulation information from its own files,
but will also retrieve the full bibliographic information from the 360/67 files
and display a composite record on the screen. In the same way, people
working through the main computer using the full BALLOTS indexes will be
able to have the BALLOTS program go to the minicomputer, retrieve the
circulation status of certain items, and display that information. We will not
have redundant data stored in both the main data base and the circulation
data base. Printed outputs, such as overdue and recall notices, will be pro-
duced in batch mode on the main frame. By the time we implement the
circulation system, we hope to be sharing a System/370 Model 158 with the
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university administrative applications. The batch print programs will retrieve
circulation information from the circulation minicomputer, bibliographic infor-
mation from the Catalog Data File, and patron name and address information
from the administrative files.
The main reasons for using the minicomputer in the circulation system
are reliability and availability. The library can tolerate 15 minutes of unavail-
able system time in the technical processing area, and could actually survive a
4-hour lapse on rare occasions. But this sort of system unavailability is simply
not acceptable in public service areas, particularly for circulation. The mini-
computer is basically more reliable because it is a simpler system. The
minicomputer is a simpler machine than the 360 or 370; there is not as much
hardware to fail. The software operating in a circulation system like this is
also simpler, being single-purpose as opposed to the general, multiple-purpose
software on the 360/67. In addition, there are certain times when the 360/67
is just not available; Saturday morning for example. The use of a dedicated
minicomputer insures that the library will be able to control the hours the
circulation system is available, rather than having to bargain with the general
computing community for circulation services.
Perspectives
One might quite well ask the question: Why didn't Stanford develop the
whole system on a minicomputer? The most honest answer is that we
developed on the system we had at hand. The 360/67 was available; it already
had a timesharing system, a text-editing system, and the beginnings of an
information retrieval system. We had people that knew how to program it. It
was a familiar environment and therefore the one in which we could do the
most rapid development. However, our decision to implement BALLOTS on a
large-scale, general-purpose computer was not simply to follow the path of
least resistance.
There are three significant issues involved in the choice of computing
environment. One is the speed, efficiency, and cost of program development.
Compared to a minicomputer, a large-scale general-purpose machine is likely
already to provide more of the basic system software and support routines
that a library application is going to need; and these programs are likely to be
more mature. It will probably be easier to find competent personnel who are
already familiar with a large machine. Given the current explosion of interest
in minicomputers this situation may be rapidly changing. The minicomputer
manufacturers are definitely providing more and better software support for
their systems than they did even two years ago. But the leader of a library
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automation effort must still ask: What is the appropriate development environ-
ment for my particular organization, and how compatible will the resulting
system be with other systems and other computers? The correct answer will
be different for different organizations.
The second issue in general systems versus small dedicated machines is
the cost and efficiency of the operations staff. Does the library want the
responsibility of actually running the computer itself, of providing space, staff,
forms, etc.? Or would the library prefer to contract with someone else for
these services? Is it less expensive for the library to go it alone, or to share
with others and take advantage of large-scale purchasing power? A dedicated
system gives the user maximum control and maximum responsibility.
The third issue is the availability of the library data base to the full
community. As libraries develop technical processing systems, they should
never lose sight of the fact that the purpose of the library is to serve the
patron. By implementing library automation on the general-purpose academic
computer, Stanford's bibliographic data are available not only to the library
but to the community as a whole. The MARC file and the Catalog Data File
produced in BALLOTS are available through Stanford's general information
retrieval system (SPIRES) to be searched from any of the 200 terminals on
campus. Someone sitting in his physics laboratory, for example, can inquire of
the MARC file to see what books have been published recently in a certain
area. He can inquire of the Catalog Data File for recent books, to see if the
library holds them and where they are shelved. Once the circulation system is
implemented, people will also be able to get the circulation status of an item and,
perhaps, even make requests for books to be held for them. If the system had
been implemented on a stand-alone minicomputer, such data would be una-
vailable to anyone other than the library itself. Since building, storing, and
maintaining the bibliographic data base is the most expensive item in library
automation, it only makes sense for as many people as possible to make use
of these data.
Another solution to the problem of data base accessibility is a network
of minicomputers in which several minicomputers, each serving a different
function, could communicate with each other. One processor might be dedi-
cated to library automation, one to information retrieval, one to student use
of a language such as BASIC, and another to scientific observation of experi-
ments. Data could be passed from one minicomputer to another, and a
terminal could sign into the system and attach itself to whichever mini-
computer in the system provided the particular functions and facilities the
user desired. As we look towards the future, there are perhaps economic
advantages to this kind of distributed computing approach, but that remains
THE STANFORD EXPERIENCE 95
to be demonstrated. Stanford is just beginning to do computer network
design, so this was not a possibility for us when we began BALLOTS. At
present we know only a very few successful minicomputer networks. The
design of such networks is still very young. Unless someone derives a great
deal of satisfaction from being on the leading edge of development and is able
to tolerate the expense, frustration, and delays involved, it would be better to
wait two or three years before entering this area.
The course of library automation over the next ten years appears to be
toward increasing growth of regional networks and the eventual emergence of
a national library network. There may be one national system shared by all,
or a network of several interconnected systems. In either case, minicomputers
and programmable terminals promise to distribute enough computing power
directly to each library so that the individual library can maintain compati-
bility with national systems and at the same time adequately serve its own
unique needs.
